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release kinetics and preservation of DNA in supercoiied form is provided. Hie nucleic delivery system comprises nucleic acid 
molecules, such as deoxyribonucleic acid (DNA). encapsulated in biodegradable microspheres, and is particularly suited for delivery 
DNA vaccines. The ivnenlion father provides a method for encapsulating nucleic acid molecules in microspheres. The invention 
addidonally provides a composition comprising nucleic acid molecules encapsulated in microspheres produced by a method of the 
invention, and a mediod for delivering a nucleic acid molecule to a subject. The invention fiither provides an adjuvant for modulat- 
ing the inmiunostimulatory efficacy of microspheres encapsulating nucleic acid molecules comprising an aminoaUcyl glucosaminidc 
4-phosphate (AGP). The invention also provides a method for modulating the immunostimulatory efficacy of microspheres encap- 
suladng nucleic acid molecules. 
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MTCROSPHERES AND ADJUVANTS FOR DNA VACCINE DELIVERY 

This appEcation rkims the benefit of United States provisional application number 
60/216,604, filed July 7, 2000, the entire contents of which ate incorporated herein by 
reference. 

Hiroiigliout this application various publications are referenced. The disclosures of 
5 these publications in their entireties are hereby incorporated by reference into this 
application in order to describe more fully die state of the art to which this invention 
pertains. 

TF.r.HNTCAT. FTRT^n OF THg JNYPNTION 

The invention relates to formtJations, compositions and methods that can be used for 
10 the delivery of vacdnes. Mote particularly, the invention relates to microspheres and 
adjuvants for mote efficient and effective delivery of DNA vaccines. 

BACKGROUND OF THE INVENTTION 

New vaccines are in development for the prevention, as well as the treatment, of cancers 
and chronic infectious diseases. The most effective vacdnes will likely elicit CTEf 

15 responses in addition to T-helper responses and antibodies. DNA vaccines have been 
found to work well in generating CTL responses in mice, although further improvement 
is needed for use in humans. Attempts to develop microspheres as vehicles for DNA 
vaccine delivery have been limited by poor encapsulation efficiency^ and nicking of die 
DNA and concomitant loss of supercoiled stcucture. Efforts to overcome these 

20 limitations have produced microspheres whose release kinetics ate too slow, resulting in 
degradation of the DNA while encapsulated. 

There remains a need for more efficient and effective means of delivery of DNA 
vaccines, particularly methods that combine encapsulation efficiency with preservation of 
DNA supercoiling and rapid release kinetics. 
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SUMMARY OF THE INVENTION 

The iaveadon provides a nucleic acid deliv^eiy system that suxptisingly offets, in one 
system, a combination of high encapsulation efficiency^ tapid telease kinetics and 
presetvration of DNA in supercoiled fotm. The nucleic acid deKvety system of the 
5 invention composes nucleic acid molecules, such as deoxydbonucleic add (DNA), 

encapsulated in biodegtadable microspheres. In a preferred embodiment, at least 50% of 
the DNA in the microspheres comprises si^ercoiled DNA, and at least 50% of the 
DNA is released ficom the microspheres after 7 days at about 37°C In some 
embodiments, at least 70% of the DNA is released from the microspheres after 7 days at 
10 about 37°C. PreJFerably, the microspheres have an encapsulation efficiency of at least 
about 40%. In one embodiment, at least about 90% of the microspheres are about 1 to 
about 10 /4m in diameter. Microspheres in this size range are well-suited to be 
phagocytosed by antigen-presenting cells, leading to effective T cell stimulation. 

The microspheres of the invention preferably comprise a biodegradable polymer, such as 

15 poly^cto-co-^lycolide) (PLG), poly(lactide), poly(caprolactone), poly^ydroxybutyrate) 
and/or copolymers thereof. Alternatively, the microspheres can comprise another wall- 
forming mqf ferial Suitable wall-formiog materials include, but are not limited to, 
poly(dienes) such as poly(butadiene) and the like; poly(alkenes) sudi as polyethylene, 
polypropylene, and the like; poly(actylics) such as poly(actylic add) and the like; 

20 poly(mediacrylics) such as poly(methyl methactylate), poly(hydroxyethyl methacrylate), 
and die like; poly(vinyl ethers); poly(vinyl alcohols); pQly(vinyl ketones); poly(vinyl 
halides) such as poly(vinyl chloride) and the like;, poly(vinyl nitfiles), poly(vinyi esters) 
such as poly(vinyl acetate) and the like; poly(vinyl pyridines) such as poly(2«vinyl 
pyridine), poly(5-methyl-2-vinyl pyridine) and the like; poly(styrenes); poly (carbonates); 

25 poIy(estets); poly(orthoesters); poly(esteramides); poly(anhydrides); poly(urethanes); 
poly(amides); cellulose ethers such as methyl cellulose, hydroxyethyl cellulose, 
hydroxypropyl methyl cellulose, and the like; cellulose esters such as cellulose acetate, 
cellulose acetate phthalate, cellulose acetate butycate, and die like; poly(saccharides), 
proteins, gelatin, starch, gums, resins, and the like. These materials may be used alone, as 

30 physical mixtures (blends), or as copolymers. The nuddc add delivery system can 
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further comprise aa adjuvant, piefetably an aminoalkyl glucosaioimde 4-phosphate 
(AGP). 

The nudcic add delivery system of the inreatioii is particukdy suited for delivery of 
DNA vacdnes. In preferred embodimeats, the DNA encapsulated in die microspheres 
5 encodes an antigen associated with cancer or an infectious disease. In one embodiment, 
the antigen is derived £com an endogenous antigen associated with an autoimmune 
disorder. Examples of cancer indude, but are not limited to, fibrosarcoma, 
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, 
angiosarcoma, endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, 

10 synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon 
carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous 
cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat ^and carcinoma, sebaceous 
gland carcinoma, papillary carcinotoa, papillary adenocarcinomas, cystadenocarcinoma, 
medullary carcinoma, bronchogenic cardnoma, renal cell carcinoma, hepatoma, bile duct 

15 cardnoma, choriocarcinoma, seminoma, embryonal cardnoma, Wifans' tumor, cervical 
cancer, testicular tumor, lung cardnoma, small cell lung cardnoma, bladder cardnoma, 
epithelial cardnoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma, 
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oliodendroglioma, 
meningioma, melanoma, neuroblastoma, retinoblastoma, leukemia, lymphoma, multiple 

20 mydoma, Waldenstrom's macroglobulinemia, and heavy chain disease. One example of 
a cancer antigen is Her-2/neu, a breast cancer antigen. 

An antigen associated with an infectious disease may be derived from any of a variety of 
infectious agents, induding a pathogen, virus, bacterium, fungus or parasite. Examples 
of viruses indude, but are not limited to, hepatitis type B or type C, influenza, varicdk, 

25 adenovirus, herpes simplex virus type I or type EE, rinderpest, rhinovitus, echovirus, 
rotavirus, respiratory syncytial virus, papilloma virus, papova virus, cytomegalovirus, 
echinovirus, arbovirus, huntavirus, coxsachie virus, mun^s vitus, measles virus, rubella 
virus, polio virus, human immunodefidency virus type I or type II. Examples of bacteria 
indude, but are not limited to, M Utbmuhsis, mycobactedum, mycoplasma, neisseria and 

30 legLonella. Examples of parasites include, but are not limited to, tickettsia and chlamydia. 
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One example of an infectious disease antigen is TbH9 (also known as Mtb39A), a 
tuberculosis antigen. Other tuberculosis antigens include, but are not limited to, DPV 
(also known as Mtb8.4), 384, Mtb41, Mtb40, Mtb32A, Mtib9.9A, Mtb9.8, Mtbl6, 
Mtb72f, Mtb59f, Mtb88f, Mtb71f, Mtb46f and Mtb31f ^T' indicates daat it is a fusion or 
5 two ot more proteins). 

Tlie invention further provides a method for encapsulating nucleic add molecules in 
microspheres. The method comprises dissolving a polymer in a solvent to form a 
polymer solution; adding an aqueous solution containing nucleic add molecules to die 
polymer solution to form a primary emulsion; homogenizing the primary emulsion; 

10 mbdng the primary emulsion with a process medium comprising a stabilizer to form a 
secondaty emulsion; and extracting the solvent £i:om the secondary emulsion to form 
microspheres encapsulating nucleic add molecules. Typically, these method steps are 
carried out on ice, preferably maintaining a temperature that is above freezing and below 
37°C. In one embodiment, the solutions and media are maintained at about 2®C to 

1 5 about 35^C. In another embodiment, die solutions and media are maintained at about 
4'*C to about 25''C. Keeping the materials below ITC during the primary and secondaty 
emulsion stages of microsphere preparation can reduce nicking of the DNA. Preserving 
more of the DNA in a supercoiled form facilitates more effident ttansfection of cells. 
The method can further comprise subsequent steps of washing, freezing and lyophilizing 

20 the microspheres. 

In a preferred embodiment, die polymer comprises PLG. In some embodiments, tihe 
PLG can indude ester end groups or carboxylic add end groups, and have a molecular 
weight of firom about 4 kDa to about 120 kDa, or preferably, about 8 fcDa to about 65 
kDa. The. solvent can comprise, for example, dichlorometfaane, chloroform, ot 

25 ethylacetate. In some embodiments, the polymer solution further cornprises a cationic 
lipid and/or an adjuvant, such as MPL. Escmiples of stabilizers include, but are not 
limited to, carboxymethylcellulose (CMC), polyvinyl alcohol ^PVA), polyvinyl 
pyirolidone (PVP), or a mixture diereof. The stabilizer can optionally jfurther comprise a 
cationic lipid. In some embodiments, the stabilizer comprises ficom about 0 to about 

30 10% of the process medium, or preferably, about 1% to about 5% of the process 
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medium. In some embodiments, die solvent comprises an internal water volume of from 
about 0.001% to about 0.5%; and/or the aqueous solution comprises an ethanol content 
of £xom about 0% to about 75% (v/v). 

The nuddc add molecule preferably comprises DNA. La one embodiment, the aqueous 
5 solution comprises about 0.2 to about 12 mg/ml DNA. The aqueous solution can 
optionally further comprise a stabilizer, such as BSA, HSA, or a sugar, or an adjuvant, 
such as QS21. In one embodiment, the DNA comprises a pksmid of about 2 kb to 
about 12 kb, preferably, about 3 kb to about 9 kb. 

Prefetabty; at least 50% of the DNA retains a sijpercoiled formation through the 
10 exttaction step, more preferably through any subsequent steps, such as lyophilization. 
Also preferred is a mediod wherein the encapsulation efELdency is at least about 40%, 
and/or wherein the microspheres rdease at least about 50% of the nucleic add 
molecules within about 7 days of contact with the desired delivery environment, such as 
an aqueous environment at 37°C. In a more preferred embodiment, the microspheres 
15 rdease at least about 50% of the nuddc acid molecules within about 4 days. Also 

preferred is a method wherein at least about 90% of the microspheres are fitom about 1 
(jun to about 10 )xm. 

The invention additionally provides a composition comprising nuckic add molecules 
encapsulated in microspheres produced by a method of the invention. Preferably, the 

20 composition furdier comprises an adjuvant, such as an aminoalkyl ghicosatninide 4- 

phosphate (AGP). Abo provided are a method for delivering a nuddc add molecule to 
a subject, a method for eliddng an immune response in a subject^ and a method for 
treating and/or protecting against cancer or infectious disease in a subject These 
methods comprise administering to the subject a nuddc add delivery system or a 

25 composition of the invention. 

The invention further provides an adjuvant for modulating the itmniinostimulatory 
eflBLcacy of microspheres encapsulating nucldc add molecules comprising an aminoalkyl 
glucosaminide 4-phosphate (AGP). In a preferred embodiment, the AGP comprises an 
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aqueous foimulation. Examples of AGP adjuvants include, but are not limited to, 517, 
527, 547, 557 and 568. The invention also provides a method for modulating the 
immunostimulatoty efEcaqr of tnicrospheres encapsulating nucleic add molecules. The 
method comprises administering an AGP as an adjuvant to admioisttadon of 
5 microspheres encapsulating nucleic acid molecules. The AGP can be administered 
simultaneously with die microspheres, or before or after administcatioa of the 
microspheres. 

BRIRF DESCRIPnON OF THE FIGURES 

Figure 1 is a scanning electron micrograph illustrating the small and porous nature of 
10 DNA microspheres of the invention. In addition to porosity, the microspheres have 
a high surface area to volume ratio and a short characteristic length of diffusion, 
facilitating relatively rapid release of encapsulated DNA over 10 days. Bar 
represents 5 jim; magnification at 3,000x. 

Figure 2 is a graph depicting typical particle size distribution of DNA microspheres 
15 formulated in accordance with the invention. The microspheres range from 1-10 jim 
in diameter, tnaldng them well-suited to be phagocytosed by antigen presenting cells. 

Figure 3A is a graph showing encapsiilation efficiency as a function of the amount of 
DNA (in mg) used in a microsphere formulation. 

Figure 3B is a graph showing core-loading of microspheres as a function of die 
20 amount of DNA (in mg) used in the formulation. The linear increase in core-loading 
with increasing DNA amount suggests that encapsulation efficiency may remain 
essentially constant at approximately 72%. At a core-loading of approximately 1.2%, 
the microspheres become saturated with DNA such that adding greater amounts of 
DNA results in lower encapsulation efficiencies. 

25 Figure 4 shows the results of an agarose gel electrophoresis of unencapsulated DNA 
(lane 2) and of DNA extracted from PLG microspheres (lanes 3-8). Lane 1 contains 
molecular weight markers. Minimal nicking (upper bands) of the DNA occurred 
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during tnictosphere preparation. Specifically, 81% (±3%) of the supetcoiled content 
of the initial DNA was retained after encapsulation and extraction as dete rmin ed by 
densitometric analysis, 89% of the naked DNA and 72% of the encapsulated- 
extracted DNA were in the supercoiled state. 

5 Figure 5 is a graph showing DNA release kinetics using microspheres of the 

invention over the course of 10 days. Data are plotted as percent DNA release as a 
function of time in days. The microsphere formidation released the DNA relatively 
rapidly, with nearly all of the DNA released by day 10. Such rapid release kinetics 
are advantageous over slow release (e.g., 30+ days) due in part to the degradation of 
10 DNA within microspheres over extended periods of time. 

Figure 6 is a gtaph showing cytolytic activity of cultured T cells &om mice g^en tiiree 20 
|4g immunizations at two-week intervals of encapsulated Her-2/neu DNA resuspended 
in PBS. Cytolytic activity was measured using a standard 5iCr assay. Data are plotted as 
percent lysis as a function of effector:target ratio. Mice were itomunized ip. (circles), 
15 Lm- (triangles), or s.c. (squares). FiUcd and open symbols represent specific and non- 
specific taigets, respectively. Each group contained five mice, and average responses are 
shown. Both i.p. and Lm. immxinizations consistentiy gave better responses, while s.c. 
immunizations typically resulted in weaker responses. 

Figure 7 is a graph showing cytolytic activity of cultured T cells firom mice given a single 
20 10 \Xg dose of TbH9 DNA i.m. Cytolytic activity was measured using a standard ^iCr 
assay/ Data are plotted as percent specific lysis as a fimction of e£fector:teiget ratio. 
Mice received DNA microspheres alone (lower circles), DNA microspheres plus 10 |Xg 
of an AGP adjuvant ^es marked 517, 527, 547 and 568), naked DNA (lower squares), 
or saline ^ower triangles). Each group contained four mice, and average responses are 
25 shown. Under tiiis sub-optimal imm\ini2ation schedule (i.e,, 1 x 10 pg immunization 
with PBS as the b\iffer), the groups of mice immunized with either naked DNA or with 
microencapsulated DNA alone failed to generate a substantial CTL response. In 
contrast, mice inmiunized with microspheres in combination with AGP- 568, 517, or 547 
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were able to generate strong CTL responses. AGP-527 appeared to be inhibitory in tbis 
assay. 

Figures 8A-D show the molecular structures of aminoalkyl glucosaminide 4- 
phosphates (AGPs) evaluated in conjunctioa with DNA toicrospheres. These 
5 synthetic molecules were prepared using an enantioselective process. 

Figure 9 is a graph showing cytolytic activity of cultured T cells feom mice given a single 
10 |lg dose of TbH9 DNA resuspended in either PBS (triangles) or sodium chloride fiee, 
isotonic phosphate buffer (circles). .Squares represent mice immunized with saline. 
Cytolytic activity was measured \ising a standard ^^Cr assay. Data are plotted as percent 

10 specific lysis as a function of effector:target ratio. Each group contained four mice, and 
average responses are shown. Under this sub-optimal immunization schedule ^e., 1x10 
|ig immunization), the group of mice immunized with microencapsulated DNA 
dispersed in PBS failed to generate a substantial CTL response. In contrast, mice 
immunized with microspheres dispersed in isotonic phosphate buffer ^e., sodium 

15 chloride free) generated strong CTL responses. 

Figure 10 is a bar graph showing IFN-gamma secretion Qn pg/ml) in response to in vitro 
stimulation with recombinant TbH9, assayed using splenocytes harvested from mice 3-4 
weeks following immunization with TbH9 DNA encapsulated in PLG microspheres 
witiiAGP. 

20 Figure 1 1 is a graph showing mean CTL activity after a single in vitro stimulation witfi 
EL-4 cells stably expressing the TbH9 gene of splenocytes harvested from mice 
immunized with TbH9 DNA encapsulated in PLG microspheres to which AGP was 
added. The graph shows mean specific lysis as a function of effector:target ratio for 
immunization conditions includiag saline (closed diamonds), naked DNA (dark squares), 

25 DNA-PLG (lower triangles), and DNA-PLG plus AGP- 517 (li^t X's), 522 (asterisks), 
525 (circles), 527 (+'s), 529 (dashed line), 540 (-'s), 544 (open diamonds), 547 ^t 
squares), 557 (upper triangles), or 578 (darkX's). 

8 
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Figure 12A shows mean CTL activity after a second in vitro stimulation of splenocytes 
from mice immuni2ed with TbH9 DNA-PLG alone (open squares), with AGP- 527 
(closed squares), 544 (dark diamonds), 557 (closed cifcles), or with naked DNA (open 
dtdes) or saline (triangles). 

5 Figure 12B shows mean CTL activity after a second in idtro stimulation of splenocytes 
from mice immunized with TbH9 DNA-PLG with AGP- 517 (closed squares), 547 (dark 
diamonds), 568 (dark triangles), oi with naked DNA (X's). 

Figures 13A-B are graphs showing serum antibody titers to TbH9 of Bhesus macaque 
monkeys four weeks after a 3^ immunization widi TbH9, encapsulated in microspheres 
10 and admioistered intramuscularly (Figure 13A), or delivered as naked DNA via 

intradermal or intramuscular routes (Figure 13B). The four lines depicted in each graph 
represent individual subjects. 

Figure 14 is a bar graph showing antigen-induced gamma interferon (IFN-y) production 
from monkey PBMC at 4 weeks after a 3"^ immunization with saline, recombinant TbH9 
1 5 (rTbH9), naked DNA encoding TbH9 or microspheres encapsulating DNA encoding 
TtH9. Individual bars represent individual subjects. 

Figures 15A-B are graphs showing monlcey CTL response at two months after a 3"^ 
immunization with microencapsulated (Figure 15A) or naked (Figure 15B) DNA 
encoding TbH9. Percent speci&c lysis is plotted as a frinction of e£fector:target ratio. 
20 Circles represent TbH9 target cells. Control targets include non-infected cells (squares) 
and, as non-specific targets, EGFP (a fluorescent protein) cells (tri ang les). 

nKTATT.Rn nRS CRIPTION OP THE INVENTION 

The invention provides a nucleic acid delivery system that surprisingly offers, in one 
system, a combination of high encapsulation efficiency, rapid release kinetics and 
25 preservation of DNA in supercoiled form. The nucleic add delivery system of the 
invention comprises nucleic acid molecules, such as deoxyribonucleic add (DNA), 
encapsulated in biodegradable microspheres. Microspheres prq>ared in accordance with 
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the invention have been shown to release more than 33% of their contents after 48 hours 
in mtro at 37®C, more than 50% after 4 days, and more than 70% after 7 days. In 
addition, these microspheres have an encapsulation efficiency of about 40 to about 80%, 
■whik retaining a high ratio of supercoiled to nicked DNA. The microspheres of tie 
5 invention are about 1 to about 10 jmi in diameter. Microspheres in tiais size range are 
well-suited to be phagocytosed by antigen-ptesentmg cells, leading to effective T cell 
stimulation. The nucleic acid delivery system of the invention can be used to deliver 
nucleic add molecules encodiag one or more antigens of interest for the elidtation of an 
immune response in a subject 

10 The invention further provides an adjuvant for modulating the immunosdmulatory 

efficacy of microspheres encapsulating nudeic add molecules. The adjuvant comprises 
an aminoalkyl glucosaminide 4-phosphate (AGP), which provides a strong cellular 
immune response to an antigen encoded by DNA encapsulated in microspheres. The 
invention also provides a method for modulating the immunosdmulatory efficacy of 

15 microspheres encapsxdating nuddc add molecules. The method comprises 

administering an AGP as an adjuvant to administration of microspheres encapsulating 
nudeic add molecules. 

Definitions 

All sdentifiic and technical terms used in this application have meanings commonly used 
20 in the art unless otherwise specified. As used in dais application, the foUowiog words ot 
phrases have the meanings spedfied. 

The term "nuddc add" or ''polyaudeotide" refers to a deoxydbonudeotide or 
ribonudeotide polymer in either single- or double-stranded form, and unless otherwise 
limited, encompasses known analogs of natural nudeotides that hybridize to nuddc 
25 adds in a maimer similar to naturally occurring nudeotides. 

As used herein, "immune response" indudes the production of antibodies, production of 
immunomoduktors such as IFN-y, and induction of CTL activity. The elidtatLon of an 
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immune response includes the initkdon, stimulation ox enhancement of an immune 
response. 

As used herein, to "prevent'' or "protect against*' a condition or disease means to hinder, 
reduce or delay the onset or progression of the condition or disease. 

5 As used herein, "antigen-presenting cell" or "APC" means a cell capable of handling and 
presenting antigen to a lymphocyte. Examples of APCs indude, but are not Ihnited to, 
macrophages, Langerhans-denddtic cells, follicular dendritic cells, B cells, monocytes, 
fibroblasts and fibrocytes. Dendritic cells are a preferred type of antigen presenting cell 
Dendritic cells are found in many non-lyrrphoid tissues but can migrate via the afferent 
10 lymph or the blood stream to the T-dependent areas of lymphoid oigans. In non- 

lymphoid oi^ans, dendritic cells include Langerhans cells and interstitial dendritic cells. 
In the lymph and blood, they include afferent lymph veiled cells and blood dendritic 
cells, respectively. In lymphoid organs, they include lymphoid dendritic cells and 
interdigitating cells. 

15 As used herein, "modified" to present an epitope refers to antigen-presenting cells 
(APCs) that have been manipulated to present an epitope by natural or recombinant 
methods. For example, the APCs can be modified by closure to the isolated antigen, 
alone or as part of a mixture, peptide loading, or by genetically modifying the APC to 
express a polypeptide that includes one or more epitopes. 

20 As used herein, "pharmaceudcally acceptable salt" refers to a salt that retains the desired 
biological activity of the parent compound and does not impart any undesired 
toxicological effects. Examples of such salts include, but are not limited to, (a) acid 
addition salts formed with iaoxganic acids, for example hydrochloric add, hydrobromic 
add, sulfuric add, phosphoric add, nitric add and the Uke; and salts formed witii organic 

25 adds such as, for example, acetic add, oxalic add, tartaric add, succinic add, maldc add, 
furmaric add, gluconic add, citric add, malic add, ascorbic add, benzoic add, tannic 
add, pamoic add, alginic acid, polyglutamic add, naphthalenestJfonic adds, 
naphthalenedisulfonic adds, polygalacturonic add; (b) salts with polyvalent metal cations 
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such as zinc, caldmn, bismuth, barium, magnesium, aluminum, copper, cobalt, nickel, 
cadmium, and the like; or (c) salts formed with an organic cation formed from N,N'- 
dibenzylethylenediamine or ethylenediamine; or (c^ combinations of (a) and (b) or (c), 
e.g., a zinc tannate salt; and the like. The preferred acid addition salts are the 
5 tdfhioroacetate salt and the acetate salt 

As used herein, "pharmaceutically acceptable carrier" includes any matenal which, when 
combined with an active ingredient, allows the ingredient to retain biological activity and 
is non-reactive with the subject's immune system- Examples include, but ate not limited 
to, any of the standard pharmaceutical carriers such as a phosphate buffeted saline 
1 0 solution, water, emulsions such as oil/ water emulsion, and various types of wetting 

agents- Preferred diluents for aerosol or parenteral administration are phosphate buffered 
saline or normal (0.9%) saline. 

Coin|>ositions comprising such carriers are formulated by well known conventional 
methods (see, for example, Remington's Pharmaceutical Sciences, Chapter 43, 14th Ed., 
15 Mack Publishing Co, Easton PA 18042, USA). 

As used herein, "adjuvant" includes those adjuvants commonly used in the art to 
fedlitate the stimulation of an immune response. Examples of adjuvants include, but are 
not limited to, helper peptide; aluminum salts such as aluminum hydroxide gel (alum) or 
aluminum phosphate; Freund*s Incomplete Adjuvant and Complete Adjuvant (Difco 

20 Laboratories, Detroit, MT); Merck Adjuvant 65 (Merck and Company, Inc., Rahway, NJ); 
AS-2 (Smith-Kline Beecham); QS'-21 (Aquilla); MPL™ immunostimulant or 3d-MPL 
(Corixa Coiporation); LEIF; salts of calcium, iron or zinc; an insoluble suspension of 
acylated tyrosine; acylated sugars; cationically or anionicaUy derivatized polysaccharides; 
polyphosphazenes; biodegradable microspheres; monophosphoryl lipid A and quil A; 

25 mutamyl tripeptLde phosphatidyl ethanolamine or an immunostimulating complex, 

including cytokines (e.g., GM-CSF or interieukin-2, -7 or -12) and immunostimulatory 
DNA sequences. In some embodiments, such as widi the use of a polynucleotide 
vaccine, an adjuvant such as a helper peptide or cytokine can be provided via a 
polynuicleotide encoding the adjuvant 
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As used hetein, "a" ot "an" means at least one, unless deatly indicated otherwise. 
Nucleic Add Ddnreiy Systems 

The invention provides a nudeic add deliveiy system comprising deoxydbonuddc add 
(DNA) encapsulated in biodegradable microspheres. In a preferred embodiment, at least 
5 50% of tihe DNA in the microspheres comprises supercoiled DNA, and at least 50% of 
die DNA is rdeased from the microspheres after 7 days at about 37°C. In some 
embodiments, at least 70% of die DNA is rdeased from the microspberes after 7 days at 
about 37**C. Preferably, the microspheres have an encapsulation efEdency of at least 
about 40%. In one embodiment, at least about 90% of the microspbetes are about 1 to 
10 about 10 |im in diameter. Microspheres in dais size range are well-suited to be 
phagocytosed by antigen-presenting cells, leading to effective T cell stimulatioiL 

The microspheres of the inveatioQ preferably comprise a biodegradable polymer, such as 
poly(lacto-co-^ycolide) (PLG), poly(lactide), poly(caprolactone), poly^ydroxybutyrate) 
and/or copolymers thereof Alternatively, the microspheres can comprise another wall- 

15 fn rming tnfl t<^ria1 Suitable wall-forming toaterials indude, but are not limited to, 

poly(diene8) such as poly(butadiene) and the like; poly(alkenes) such as polyethylene, 
polypropylene, and the like; poly(acrylics) such as poly(acrylic acid) and die like; 
poly(mediacryiics) such as poly(methyl methacrylate), poly(hydroxyethyl methacrylate), 
and the like; poly(vinyl ethers); poly(vinyl alcohols); poly(vinyl ketones); poly(vinyl 

20 haUdes) such as poly(vinyl chloride) and the like;, poly(vinyl nitrfles), poly(vinyl esters) 
such as poly(vinyl acetate) and the like; poly(vinyl pyridines) sudi as poly(2-vinyl 
pyridine), poly(5-methyl-2-vinyl pyridine) and die like; poly(stytenes); poly(carbonates); 
poly(esters); poly(ordioesters); poly(esteramides); poly(anhydrides); poly(uredianes); 
poly(amides); cellulose ethers such as mediyl cellulose, hydroxyethyl cellulose, 

25 hydtosypropyl methyl cellulose, and die like; cellulose esters such as ceDolose acetate, 
cellulose acetate phdialate, cellulose acetate butytate, and die like; poty(saccharides), 
proteins, gelatin, starch, gums, resins, and die like. These materials ntiay be used alone, as 
physical mixtures (blends), or as copolymers. The nuddc add delivery system can 
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furthet comprise an adjuvant, preferably an aminoalkyl glucosaminide 4-phosphate 
(AGP). 

Microsphere Fnitmiktioa 

The invention provides a method for encapsulating nucleic add molecules in 
5 microspheres. The method comprises dissolving a polymer in a solvent to form a 
polymer solution; addiog an aqueous solution containing nucleic add molecules to the 
polymer solution to form a primary emulsion; homogenizing the primary emulsion; 
tniYifig the primary emulsion with a process medium comprising a stabilizer to form a 
secondary emulsion; and extracting tiie solvent fcom the secondary emidsion to form 

10 microspheres encapsulating nudeic add molecules. Typically, these metliod steps are 
carried out on ice, preferably maintaixiing a temperature that is above fireezing and bdow 
37°C. In one embodiment, the solutions and media are maintriined at about 2°C to 
about 35**C. In another embodiment, die solutions and media are maintained at about 
4°C to about 25°C. Keeping the materials below iTC during the primary and secondary 

15 emulsion stages of microsphere preparation can reduce nicking of the DNA. Preserving 
more of the DNA in a supercoiled form facilitates more efficient ttansfection of cells. 
The metiiod can furdier comprise subsequent steps of washing, freezing and lyophilizing 
die microspheres. 

In a preferred embodiment, the polymer comprises PLG. In some embodiments, the 
20 PLG can include ester end groups or carboxylic add end groups, and have a molecular 
weight of from about 4 kDa to about 120 kDa, or preferably, about 8 kDa to about 65 
kDa. The solvent can comprise, for example, dichloromethane, chloroform, or 
ethykcetate. In some embodiments, the polymer solution further comprises a cationic 
lipid and/or an adjuvant, such as MPL. Examples of stabilizers indude, but are not 
25 limited to, carboxymethylcellulose (CMC), polyvinyl alcohol (PVA), polyvinyl 

pyrrolidone (PVP), or a mixture tiiereof. The stabilizer can optionally furtiier comprise a 
' cationic Upid. In some embodiments, the stabilizer comprises from about 0 to about 
10% of the process medium, or preferably, about 1% to about 5% of die process 
medium. In some embodiments, the solvent comprises an internal water volume of from 



14 



wo 02/03961 



PCT/USOl/21780 



about 0.001% to about 0.5%; and/ or the aqueous solution comprises an ethanol content 
of firom about 0% to about 75% (v/v). 

The nucleic add molecule preferably comprises DNA. In one embodiment, the aqueous 
solution comprises about 0.2 to about 12 mg/ml DNA, The aqueous solution can 
5 optionally fuxthet comprise a stabilizer, such as BSA, HSA, or a sugar, or an adjuvant 
suchasQS21. In one embodiment, the DNA con^rises a plasmid of about 2 kb to 
about 12 kb, preferably, about 3 kb to about 9 kb. 

Preferably, at least 50% of the DNA retains a supercoiled formation through the 
extraction step, more preferably dirough any subsequent steps, such as lyophilization. 

10 Also preferred is a method wherein the encapsulation efficiency is at least about 40%, 
and/or wherein the microspheres release at least about 50% of the nudeic add 
molecules within about 7 days of contact with the desired delivery environment, such as 
an aqueous enviroxmient at 37°C. In a more preferred embodiment, the microspheres 
release at least about 50% of the nudeic add molecules within about 4.days. Also 

15 preferred is a method wherein at least about 90% of the microspheres are £com about 1 
^m to about 10 |Lim« 

Because water-soluble agents, such as nuddc add molecules, do not difEuse through 
hydrophobic wall-forming materials such as the kctide/glycolide copolymers, pores must 
be created in the microsphere membrane to allow these agents to diffuse out for 

20 controlled-rdease applications. Several factors will affect the porosity obtained. The 
amount of agent that is encapsulated affects the porosity of microspheres. Obviously, 
higher-loaded microspheres (i.e., greater than about 20 wt %, and preferably between 20 
wt % and 80 wt %) will be more porous than microspheres containing smaller amounts 
of agent ^e., less than about 20 wt. %) because more regions of drug are present 

25 throughout the microspheres. The ratio of agent to wall-forming material that can be 
incorporated into the microspheres can be as low as 0.1% to as high as 80%. 

The solvent used to dissolve the wall- forming material will also affect the porosity of the 
membrane. Microspheres prepared firom a solvent such as ethyl acetate will be more 
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potous than mictospheres prepared from chlorofoniL This is due to the higher sohibility 
of water in ethyl acetate than in chloroform. More spedficaDy, diudng the emulsion step, 
no solvent is removed from the microdroplets because the process medium is saturated 
with solvent. Water, however, can dissohre in the solvent of the microdtoplets during the 
5 emulsion step of the process. By selecting the appropriate solvent or cosolvents, the 
amount of continuous process medium that will dissolve in the microdroplets can be 
controlled, which will affect the fingil porosity of the membrane and the internal structure 
of the microspheres. 

Anotiher factor that will affect the porosity of the membrane is the initial concentration 
10 of the wall material/excipient in the solvent. High concentrations of wall material in the 
solvent result in less porous membranes than do low-concentrations of wall 
material/excipient Also, high concentrations of wall material/excipient in the solvent 
improve the encapsulation efficiency of water-soluble compounds because the viscosity 
of the solution is higher. Generally, the concentration of wall-forming material/ excipient 
15 in the solvent will range from about 3% to about 40%, depending on the 

physical/chemical properties of die wall material/ excipient such as the molecular weight 
of the wall-fortning material and the solvent used 

CQmppgitions 

The invention provides compositions that are useful for delivering nucleic add 
20 molecules. The nucleic acid molecules can include those encoding antigens associated 
xioith cancer or infectious disease, providing compositions for treating and preventing 
cancer or infectious disease. In one embodiment, the composition is a pharmaceutical 
composition. The composition can comprise a therapeutically or prophylactically 
effective amount of a polynucleotide, recombinant virus, APC or immune cell that 
25 encodes or presents one or more antigens associated widi cancer or infectious disease. 
An effective amount is an amount sufEdent to elidt or augment an immune response, 
e.g., by activating T cells. One measure of the activation of T ceDs is a cytotoxidty assay 
or an interferon-gamma rdease assay, as described in the examples below. In some 
embodiments, the composition is a vaccine. 
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In some embodiments, the condition to be treated or prevented is cancer or a 
ptecancerons condition (e.g., hyperplasia, metaplasia, dysplasia). Examples of cancer 
include, but ate not limited to, fibrosarcoma, myxosarcoma, liposarcoma, 
chondtosatcoma, osteogenic sarcoma, chordoma, angiosarcoma, cndotheliosarcoma, 
5 lymphangiosarcoma, lymphangioendodieHosarcoma, synovioma, mesothelioma, Ewing's 
tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast 
cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell carcinoma, 
adenocarcinoma, swe^t gland carcinoma, sebaceous gland carcinoma, papillary 
carcinoma, papillary adenocarcinomas, cystadenocardnoma, medullary carcinoma, 

10 bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, 

choriocardnoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, 
testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epitbeltal 
carcinoma, glioma, astrocytoma, meduUoblastoma, craniopharyngionaa, ependymoma, 
pinealoma, hemangioblastoma, acoustic neuroma, oliodendrog^oma, meningioma, 

15 melanoma, neuroblastoma, retinoblastoma, leukemia, lymphoma, multiple myeloma, 
Waldenstrom's macroglobulinemia, and heavy chain disease. 

In some embodiments, the condition to be treated or prevented is an infectious disease. 
Examples of infectious disease include, but are not limited to, infection with a pathogen, 
virus, bacterium, fungus or parasite. Examples of viruses include, but are not lirmted to, 

20 hepatitis type B or type C, influenza, varicells, adenovirus, herpes simplex virus type I or 
type n, rinderpest, rhinovirus, echovirus, rotavinis, respiratory syncytial virus, papilloma 
virus, papova virus, cytomegalovirus, echinovirus, arbovirus, huntavirus, coxsachie virus, 
mumps virus, measles virus, rubella virus, polio virus, human immunodeficiency virus 
type I or type 11. Examples of bacteria include, but are not limited to, M. tuberculosis, 

25 mycobactertum, mycoplasma, neisseria and legionella. Examples of parasites include, but 
are not limited to, rickettsia and chlamydia. 

The con^osition can optionally include a carrier, such as a pharmaceutically acceptable 
carrier. PharmaceuticaEy acceptable carriers are determined in part by the particular 
composition being administered, as well as by the particular metiiod used to admini ster 
30 the composition. Accordingly, tiiere is a wide variety of suitable formulations of 
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phamaceutical compositions of the present invention. Fotmvilations suitable foi 
patenteral adtninistration, such as, for example, by intraarticular (in the joints), 
intravenous, intramuscular, intradermal, intraperitoneal, and subcutaneous routes, and 
carriers include aqueous isotonic sterile injection solutions, which can contain 
5 antioxidants, buffers, bactenostats, and solutes that render the formulation isotonic with 
the blood of the intended recipient, and aqueous and non-aqueous sterile suspensions 
that can include suspending agents, solubili2ers, thickening agents, stabilizers, 
preservatives, liposomes, microspheres and emulsions. 

The composition of the invention can further comprise one ot more adjuvants. 
10 Examples of adjuvants include, but are not limited to, he^et peptide, alum, Freund's, 
muramyl tripeptide phosphatidyl ethanolamine or an immnnostimulating complex, 
including cytokines. In some embodiments, such as with the use of a polynucleotide 
vaccine, an adjuvant such as a helper peptide or cytokine can be provided via a 
polynucleotide encoding the adjuvant. A preferred adjuvant is AGP. 

15 Vaccine preparation is generally described in, for example, M.F. Powell and M.J. 

Newman, eds., '"Vaccine Design (die subunit and adjuvant approach)," Plenum Press 
(NY, 1995). Pharmaceutical compositions and vacdnes within the scope of the present 
invention may also contain other compoimds, which may be biologically active or 
inactive. 

20 Biodegradable microspheres (e.g., polylactate polyglycolate) for use as carriers are 

disclosed, for example, in U.S. Patent Nos. 4,897,268; 5,075,109; 5,928,647; 5,811,128; 
5,820,883; 5,853,763; 5,814,344; 5,407,609; and 5,942,252; the disclosures of each of 
which are incorporated herein by reference. In particular, these patents, such as U.S. 
Patent No. 4,897,268 and 5,407,609, describe the production of biodegradable 

25 microspheres for a variety of uses, but do not teach the optimization of microsphere 
formulation and characteristics for DNA delivery. 

Such compositions may also comprise buffers (e.g., neutral buffered saline or phosphate 
buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or dextrans), mannitol. 
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ptoteiiis, polypeptides or amino adds such as glycine, antioxidants, chelating agents such 
as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide) and/or preservatives. 
Alternatively, compositions of the present invention may be formulated as a lyophiHzate. 
Compoimds may also be encapsulated within liposomes using well known technology. 

5 Adjuvants 

The invention further provides adjuvants for use with DNA vaccines, particularly for use 
with DNA vaccines cncapsvilated in biodegradable microspheres. Such adjuvants 
coaprise an aminoaJkyl glucosarmnide 4-phosphate (AGP), such as those described in 
pending U.S. patent application serial numbers 08/853,826 and 09/074,720, tihe 
10 disclosures of which are incorporated herein by reference in their entireties. 

Compositions of the invention can include an AGP adjuvant and/ or additional 
adjuvants. Most adjuvants contain a substance designed to protect the antigen &om 
rapid catabolism, such as aluminum hydroxide or mineral oil, and a stimulator of immune 
responses, such as Kpid A, honadella pertussis or Mycobacterium tubmulosis derived proteins. 

15 Suitable adjuvants are commercially available as, for example, Freund*s Incomplete 

Adjuvant and Complete Adjuvant (Difco Laboratories, Detroit, MI); Merck Adjuvant 65 
(Merck and Company, Inc., Rahway, NJ); aluminum salts such as aluminum hydroxide 
gel (ahim) or aluminum phosphate; salts of calcium, iron or zinc; an insoluble suspension 
of acylflted tyrosine acylated sugars; cationically or anionically derivatized 

20 polysaccharides; polyphosphazenes biodegradable microspheres; monophosphoryl Hpid 
A and quil A. Cytokines, such as GM CSF or interleukin-2, -7, or -12, may also be used 
as adjiivants. 

Within the vaccines provided herein, the adjuvant composition is preferably designed to 
induce an immvine response predominantiy of the Thl type, fligh levels of Thl-type 
25 cytokines (e.g., IFN-y, IL-2 and IL-12) tend to favor the induction of cell mediated 
immune responses to an administered antigen. In contrast, high levels of Th2-type 
cytokines (e.g., 11^4, IL-5, IL-6, IL-10 and TNF-P) tend to £a.vor the induction of 
humoral immune responses. Following application of a vaccine as provided hereio, a 
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patient will support an immune response that includes Thl- and Th2-type responses. 
Within a preferred embodiment, in which a response is predominantly Thl-type, the level 
of Thl-type cytokines will increase to a greater extent than the level of Th2-type 
cytokines. The levels of these cytokines may be readily assessed using standard assays. 
5 For a review of the families of cytokines, see Mosmaim and Cofftnan, 1989, Ann. Rev. 
Immunol 7:145-173. 

Preferred adjuvants for use in eliciting a predominantly Thl-type response include, for 
example, a combination of monophosphoryl Upid A, preferably 3-de-O-acylated 
monophosphoryl lipid A (3D-MPL), together with an aluminum salt MPL adjuvants ate 

10 available from Ribi ItnmunoChem Research Inc. (Hamilton, MI) (see US Patent Nos. 
4,436,727; 4,877,611; 4,866,034 and 4,912,094). CpG-containing oligonucleotides (m 
which the CpG dinucleotide is unmetiiykted) also induce a predominantly Thl response. 
Such oUgonudeorides are well known and ate described, for example, in WO 96/02555. 
Another preferred adjuvant is a saponin, preferably QS21, which may be used alone or in 

15 combination with othet adjuvants. For example, an enhanced system involves the 
combination of a monophosphoryl lipid A and saponin derivative, such as the 
combination of QS21 and 3D-MPL as described in WO 94/00153, or a less reactogenic 
composition where the QS21 is quenched with cholesterol, as described in WO 
96/33739. Other preferred formulations comprises an oil-in-water emulsion and 

20 tocopherol A particularly potent adjuvant formulation involving QS21, 3D-MPL and 
tocopherol in an oil-in-water emulsion is described in WO 95/17210. Another adjuvant 
diat may be vised is AS-2 (Smidi-ICline Beecham). Any vacdne provided herein may be 
prepared using well known methods that result in a corobination of antigen, immune 
response enhancer and a suitable carrier or exdpient 

25 The compositions described herein may be administered as part of a sustained release 
formulation (i.e., a formulation such as a capsule or sponge that effects a slow release of 
compound following administration). Such formulations may generally be prepared using 
well known technology and administered by, for example, oral, rectal or subcutaneous 
implantation, or by implantation at the desired target site. Sustained-release formulations 

30 may contain a polypeptide, polynucleotide or antibody dispersed in a carrier matrix 
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and/or contained witbin a reservoir surrounded by a rate controlling membrane. Carriers 
for use Tvithin such formulations are biocompatible, and may also be biodegradable; 
preferably tbe formulation provides a relatively constant level of active component 
release. The amount of active compound contained within a sustained release 
5 formulation depends upon the site of implantation, the rate and expected dutadon of 
release and the nature of the condition to be treated or prevented. 

Mediods 

The invention provides a method for delivering a nudeic acid molecule to a subject The 
invention additionally provides a method for eliciting an immune response in a subject, 

10 and a method for treating and/or protecting against cancer or infectious disease in a 
subject The method comprises administering to die subject a nucleic add delivery 
system or a composition of the invention. Administration can be performed as described 
above. In one embodiment, the cancer is breast cancer. In diis embodiment; a preferred 
nudeic add delivery system comprises a nucldc add molecule encoding the breast cancer 

15 antigen, het2/neu. In another embodiment, the infectious disease is tuberculosis. In this 
embodiment, a preferred nucleic add delivery system comprises a nuddc add molecule 
encoding the tuberculosis antigen, TbH9. 

The invention also provides a method for modulating the immunostimulatory efiEcacy of 
microspheres encapsulating nuddc add molecules. The method con^rises 

20 administering an AGP as an adjuvant to administcation of microspheres encapsulating 
nuddc add molecules. The AGP can be adtninistered simultaneoiisly vrith the 
microspheres, or before or after administration of the microspheres. The AGP may be 
encapsulated with the DNA inside the microspheres, induded in a composition with the 
microspheres, or administered in a separate composition ftom the microspheres. In a 

25 typical embodiment of the method of the invention, the AGP enhances the immune 
response elicited by microspheres encapsulating nucldc add molecules. 

A delivery vehide of the invention may be employed to fiidlitate production of an 
antigen-spedfic immune response that targets cancerous or infected cells. Certain 
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ptefetted embodiments of the present invention use dendritic cells or progenitors 
tiiereof as antigen-presenting cells (APCs). Dendritic cells are highly potent APCs 
(Banchereau and Steinroan, Nature 392:245-251, 1998) and have been shown to be 
effective as a physiological adjuvant for eliciting prophylactic or therapeutic immunity 
5 (see Tmmierman and Levy, Ann. Rev. Med. 50:507-529, 1999). In general, dendritic cells 
may be identified based on their typical shape (stellate in situ, with marked cytoplasmic 
processes (dendrites) visible in vitro) and based on the lack of differentiation markers of 
B cells (CD19 and CD20), T cells (CD3), monocytes (CD14) and natural killer cells 
(CD56), as determined using standard assays. Dendritic cells may, of course, be 
10 engineered to express specific cell-sur&ce receptors or Hgands that are not commonly 
found on dendritic cells in vivo or ex vivo, and such modified dendritic cells are 
contemplated by the present invention. As an alternative to dendritic cells, secreted 
vesicles antigen-loaded dendritic cells (called exosomes) roay be used within a vacdne 
(Zitvogd et aL, 1998, Nature Med. 4:594-600). 

15 Dendritic cells and progenitors may be obtained &:om peripheral blood, bone marrow, 
tumor-iofiltrating ceUs, peritumoral tissues-infiltrating cells, lymph nodes, spleen, skin, 
umbilical cord blood or any other suitable tissue or fluid. For example, dendritic cells 
may be differentiated ex vivo by addiag a combination of cytokines such as GM-CSF, 
IL-4, IL-13 and/or TNFa to cultures of monocytes harvested ftom peripheral blood- 

20 Alternatively, CD34 positive cells harvested from peripheral blood, umbilical cord blood 
or bone marrow may be differentiated into dendritic cells by adding to die culture 
medium combinations of GM-CSF, IL-3, TNFa, CD40 ligand, LPS, flt3 ligand and/or 
other cQmpo\md(s) that induce maturation and proliferation of dendritic cells. 

Dendritic cells are convenientiy categorized as "immature" and "mature" cells, which 
25 allows a simple way to discriminate between two well chatacterized phenotypes. 

However, this nomenclature should not be construed to exclude all possible intetmediate 
stages of differentiation. Immature dendritic cells are characterised as APC with a high 
capacity for antigen uptake and processing, which correlates with the high expression of 
FcY receptor, mannose receptor and DEC-205 marker. The mature phenotype is typically 
30 characterized by a lower es^ression of these markers, but a high expression of cell 



22 



wo 02/03961 



PCTAJSOl/21780 



sut£ace moleailes iresponsible for T cell activation such as class I and class 11 MHC, 
adhesion molecules (e.g., CD54 and CDll) and costimxilatory molectiles (eg., CD40, 
CD80 and CD86). APCs may be combined widi a polynucleotide encapsulated in a 
microsphete of tiie invention such that the APCs can take up the DNA and express the 
5 polypeptide, or an immunogenic portion thereof, which is expressed on the cell surface. 
Such tcansfection may take place ex vivo^ and a composition or vacdne comprising such 
ttansfected cells may then be used for therapeutic purposes, as described herein. 
Alternatively, a gene delivery vehicle that targets a dendritic or other antigen presenting 
cell may be administered to a patient, resxilting in transfection that occurs in vivo. In vivo 

10 and ex vivo transfection of dendritic cells, for example, may generally be performed using 
any methods known in the art; such as those described in WO 97/24447, or the gene 
gun s^proach described by Mahvi et aL, 1997, Tmmvmology and Cell Biology 75:456-460. 
Antigen loading of dendritic cells may be achieved by incubating dendritic cefls ot 
progenitor cells with the encapsulated DNA or RNA. A dendritic cell may be pulsed 

1 5 with an immunological partner that provides T cell help (e.g., a carrier molecule). 

/ \dT»^ini«;i^flrion of the Compositions 

Treatment includes prophylaxis and therapy. Prophylaxis or treatment can be 
accomplished by a single direct injection at a single time point or multiple time points. 
Administtatbn can also be nearly simultaneous to multiple sites. Patients or subjects 
20 include mammals, such as human, bovine, equine, canine, feline, porcine, and ovine 
animals. Preferabty, the patients ot subjects are human. 

Compositions are typically administered in vivo via parenteral (e.g. intravenous, 
subcutaneous, and intramuscular) or other traditional direct routes, such as 
buccal/sublingual, rectal, oral, nasal, topical, (such as transdettnal and ophthalmic), - 
25 vaginal, pxilmonary, intraarterial, intraperitoneal, intraocular, or intranasal routes or 
directly into a specific tissue. Intramuscular administration is preferred. 

The dose administered to a patient, in the context of the present invention should be 
sufficient to effect a beneficial therapeutic response in the patient over time, or to inhibit 
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infection or disease due to infection. Thus, die composition is administered to a patient 
in an amount sufficient to elicit an effective immune response to the specific antigens 
and/or to alleviate, reduce, cure or at least partially arrest or prevent symptoms and/ or 
complications from die disease or infection. An amount adequate to accomplisli dais is 
5 defined as a "therapeutically effective dose." 

Hie dose will be determined by die activity of the composition produced and the 
condition of the patient, as well as the body weight or surface areas of the patient to be 
treated. The si2e of die dose also will be determined by the existence, nature, and extent 
of any adverse side effects that accompany the administration of a particular composition 
10 in a particular patient In determining the effective amount of the composition to be 

administered in the treatment or prophylaxis of diseases, the physician needs to evaluate 
the production of an immune response against the pathogen, progression of the disease, 
and any treatment-related toxicity. 

Cotx^ositions comprising immune cells are preferably prepared fi:om immune cells 
1 5 obtained bom the subject to whom the composition will be administered. Alternatively, 
the immune cells can be prepared from an ULA-compatible donor. The immune cells 
are obtained from the subject or donor using conventional techniques known in die art, 
exposed to APCs modified to present an epitope of die invention, expanded ex vivo, and 
administered to the subject. Protocols for ex vivo therapy are descnbed in Rosenberg et 
20 aL, 1990, New En^d J. Med. 9:570-578. 

Immune cells may generally be obtained in sufficient quantities for adoptive 
immunotherapy by growth in mtro, as described herein. Culture conditions for expanding 
singile antigen-spedfic effector cells to several biDion in number with retention of antigen 
recognition in vim are well known in the art. Such in vitro culture conditions typically use 
25 intermittent stimulation with antigen, often in the presence of cytokines (such as ILr2) 
and non-dividing feeder cells. As noted above, immunoreactive polypeptides as provided 
herein may be used to enrich and rapidly expand antigen-spedfic T cell cultures in order 
to generate a suffident nvimber of cells for immunotherapy. In particular, antigen- 
presenting cells, such as dendritic, macrophage, monocyte, fibroblast and/ or B cells, may 
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be puked with iromunoteactive polypeptides or transfected with one or more 
polynucleotides using standard techniques well known in the art For example, antigen- 
presentbg cells can be transfected with a polynucleotide having a promoter appropriate 
for increasing expression in a recombinant virus or other expression system Cultured 
5 effector cells for use in therapy must be able to grow and distribute widely, and to 

survive long term in vivo. Studies have shown that cultured effector cells can be induced 
to grow in vivo and to survive long term in substantial numbers by repeated stimulation 
with antigen supplemented with IL-2 (see, for example, Cheever et aL, 1997, 
Immunological Reviews 157:177). 

10 Administration by tnany of the routes of administration described herein or otherwise 
known in the art may be accomplished simply by direct administration using a needle, 
catheter or related device, at a single time point or at multiple time points. 

EXAMPI£S 

The following examples are presented to illustrate the present invention and to assist one 
15 of ordinary skill in making and using the same. The examples ate not intended in any 
way to otherwise limit the scope of the invention. 

Example 1: DNA Encapsulated in PLG Microspheres Generates CTL Responses 

This example describes the formulation of a DNA PLG microsphere with desirable in 
vUto characteristics. Specifically, 1-10 ijun diameter microspheres which were able to 

20 release their DNA contents over the course of a week were prepared using a process that 
resulted in a high encapsxilation efficiency (60-80%) and hig^ rate of retention of the 
DNA supercoiled state (70%). Once diese microspheres were found to generate 
cytotoxic T4ymphocyte (CIL) responses in mice to plasmids encoding protein antigens 
for both an infectious disease (tuberculosis) and cancer, a series of experiments were 

25 performed to elucidate the factors responsible for generating the strongest and most 
consistent CTL responses. Intramuscular and intraperitoneal immunizations were tibe 
most efficacious routes of immunization. The microsphere resuspension buffer was also 
found to be an important parameter, with PBS inhibiting CTL responses relative to salt 
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free buffet. In addition, several aminoalkyl glucosaminide 4-phosphates (AGPs) 
adjuvants were found to enhance CTL responses in conjunction with these DNA 
mictospheres. 

5 Materiab & Methods 

PLG microspheres containing DNA encoding antigenic proteins were prepared using 
variations on the double emulsion technique (J.H. Eldridge et al Mol Immunol, 28:287- 
294, 1991; S. Cohen et al. Pharm Res, 8:713-720, 1991). Specifically, plasmid DNA (10- 
30 mgs) in Tris-EDTA buffer (10 mM; pH 8), 0.38 ml ethanol were combined and 

10 brought up to a volume of 5.1 ml using Tris EDTA buffer (10 mM; pH 8). This is the 
internal (water) phase. 1200 mg of poly(lactide-co-g^ycoHde) polymer was dissobed in 
1 3.9 ml of dichloromediane (DCM) and put on ice. The internal aqueous phase was 
added to die PLXj solution and mixed in a 30 ml syringe while still on ice using a 
Polytron tissue homogenizer for 20 seconds to form die primary emulsion (water-in-oil). 

15 The secondary emulsion was prepared by adding the primary emulsion to a beaker 

containing 280 ml of 1.4% carboxymethylcellulpse (w/v), or process medium, on ice, and 
mixing witii a Silverson mixer for 75 seconds at 4500 tpm while still on ice. The 
secondary emulsion was diluted with approximately five liters of MiliQ water, and mixed 
tising an overhead stirrer for approximately 20 minutes in order to extract 

20 dichloromediane fixim, and to harden, die microspheres. 

The resulting microspheres were washed 2-3 times using MiUQ water and centrifugation. 
After washing, mannitol was added tot he concentrated microspheres, which were frozen 
and lyophilized. Lyophilized microspheres were then assayed for their size distribution, 
DNA content (core-loading; from this value, the encapsulation efficiency was calculated), 
25 release kinetics, and die supercoiled content of the encapsulated DNA. 

Particle sizing was performed using MIE light scattering. Core-loadings were determined 
by dissolving the microspheres in metiiylene chloride and extracting die DNA witii 
aqueous buffer. DNA concentrations were dien measured using the KcoGre^i 
fluorescence assay. The forms of the plasmids were determined tiarough digital u.v. image 
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analysis of agarose gels. Two plasmids were used in tibds study, one encoding a 
tabetculosis antigen, TbH9, and the other encoding the breast cancer antigen Het-2/neiL 

Mice were immunized with DNA microspheres dispersed in aqueous bu£Fet. Sev'exal 
routes of administration, including i.m., i.p., and s.c, were examined by giving the mice 
5 3x20 pg immunizations two weeks apart. Previous work had shown that multiple 

immunizations and higjber doses of encapsulated DNA yielded stronger CTL responses. 
The combination of microspheres with select aminoalkyl glucosaminide 4-phosphates 
adjuvants was investigated by using a sub-optimal immunziation schedule — a single 10 
fig dose of encapsulated DNA dispersed in PBS - along with 10 jjg of adjuvant Lastly, 
10 the effect of the resuspension buffer was examined by administering to mice a single 10 
[xg dose of encapsulated DNA dispersed in either PBS or sodixam chloride feee phosphate 
buffer (PB). 

CTL responses were measured using spleen cells harvested (torn die mice. CTL lines 
were generated by culture of immune spleen cells widi APC lines transfected with the 
15 antigen of interest Lines were stimulated weekly and CTL activity was assessed in a 
standard 51 Chromium release assay 6 days aftet die in vitro stimulation. 

The process resulted in microspheres that were small (about 1-10 pm in diameter)^ with 
rapid release kinetics, high encapsulation efficiency (40-80%), and good retention of 
20 supercoiled DNA. More than 33% of the microsphere contents were released after 48 
hours in vitro at 37°C; more than 50% were released after four days; and more dian 70% 
after 7 days. The ratio of supercoiled-to-nicked DNA for the plasmid extracted from the 
microspheres was more dian 50% of the ratio of the input DNA. 

Figure 1 is a scanning electron micrograph illustrating the small and porous nature of 
25 DNA microspheres of the invention. In addition to porosity, the microspheres have 
a high surface area to volume ratio and a short characteristic length of diHusion, 
facilitating relatively rapid release of encapsulated DNA over 10 days. Bar 
represents 5 |im; magnification at 3,000x. 
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Figure 2 is a graph depictiag typical particle size distribution of DNA microspheres 
formulated in accordance with the invention. The microspheres range from 1-10 |im 
in diameter, t-nalnng them well-suited to be phagocytosed by antigen presenting cells. 

Figure 3A is a graph showing encapsulation efficiency as a function of the amount of 
5 DNA (in mg) used in a microsphere formulation. 

Figure 3B is a giaph showing core-loading of microspheres as a function of the 
amount of DNA (in mg) used in the formulation. The linear increase in core-loading 
with increasing DNA amount suggests that encapsulation efficiency may remain 
essentially constant at approximately 72%. At a core-loading of approximately 1.2%, 
10 the microspheres become saturated with DNA such that addling greater amounts of 
DNA results in lower encapsulation efficiencies. 

Figure 4 shows the results of an agarose gel electrophoresis of imencapsulated DNA 
(lane 2) and of DNA extracted from PLG microspheres (lanes 3-8). Lane 1 contains 
molecular weight markers. Minimal nicking (upper bands) of the DNA occurred 
15 during microsphere preparation. Specifically, 81% (±3%) of the supercoiled content 
of the initial DNA was retained after encapsulation and extraction as determined by 
densitometric analysis. 89% of the naked DNA and 72% of the encapsidated- 
eztracted DNA were in the supercoiled state. 

Figure 5 is a graph showing DNA release kinetics using microspheres of the 
20 invention over the course of 10 days. Data are plotted as percent DNA release as a 
function of time in days. The microsphere formulation released the DNA relatively 
rapidly, with nearly all of the DNA released by day 10. Such rapid release kinetics 
ate advantageoiis over slow release (e.g., 30+ days) due in part to die degradation of 
DNA within microspheres over extended periods of time. 

25 Figure 6 is a gtaph showing cytolytic activity of cultured T cells fi:om mice given three 20 
|ig immunizations at two-week inten^als of encapsulated Her-2/neu DNA tesuspended 
in PBS. Cytolytic activity was measured using a standard ^^Cr assay. Data are plotted as 
percent lysis as a function of effector: target ratio. Mice were immunized ip. (circles), 
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im. (triangles), or s.c (squares). Filled and open symbols represent specific and non- 
specific targets, respectively. Each group contained five mice, and average responses are 
shown. Both ip. and i m. immunizations consistently gave better responses, while s.c 
immunizations typically resulted in weaker responses. 

5 Figure 7 is a graph showing cytolytic activity of cultured T cells £com mice gjhren a sing^ 
10 fig dose of TbH9 DNA i.m. Cytolytic activity was measured using a standard ^iQc 
assay. Data are plotted as percent specific lysis as a function of efiBsctortarget ratio. 
Mice received DNA microspheres alone (lower circles), DNA microspheres plus 10 |ig 
of an AGP adjuvant (lines marked 517, 527, 547 and 568), naked DNA ^ower squares), 

10 or saline (lower triangles). Each group contained four mice, and average responses are 
shown Under this sub-optimal immunization schedule (Le., 1 x 10 [ig immunization 
with PBS as tbe buffet), the groups of mice immxinized with either naked DNA or with 
tnicroencapsukted DNA alone failed to generate a substantial CTL response. In 
contrast, mice immunized with naicrospheres in combination widi AGP- 568, 517, or 547 

15 were abk to generate strong CTL responses. AGP-527 appeared to be inhibitory in this 
assay. 

Figure 8 shows the molecular structures of aminoalkyl glucosaminide 4-phosphates 
(AGPs) evaluated in conjunction with DNA microspheres. These synthetic 
molecules were prepared \ising an enantioselectivc process. 

20 Figure 9 is a graph showing cytoljrtic activity of cultured T cells from mice given a single 
10 |4g dose of TbH[9 DNA resuspended in either PBS (triangles) or sodium chloride firce, 
isotonic phosphate buffer (circles). Squares represent mice immunized with saline. 
Cytolytic activity was mcasvured using a standard ^^Cr assay. Data are plotted as percent 
specific lysis as a function of efifectoril^et ratio. Each group contained £Dur mic^ and 

25 average responses ate shown. Under this sub-optimal immunization schedule ^e., 1 z 10 
fig immunization), the group of mice immunized with microencapsulated DNA 
dispersed in PBS failed to generate a substantial CTL response. In contrast, mice 
immunized witb microspheres dispersed in isotonic phosphate buffer ^e., sodium 
chloride free) generated strong CTL responses. 
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Numerous vaiiatioiis to the process described above were made^ without substantively 
changing the basic properties of the microspheres. These variations include: 

Tnf^wgl Water Phase : Ethanol content was vaned firom 0% up to 75% (v/v). 
Volume was varied from 0.1 ml up to 6.6mL Adjuvants were added, jnchiding 
5 QS21. Stabilizers were added, including bovine seiHm albumin (BSA). 

DNA : The amount of DNA was varied from 1 mg up to 60 mg. The 
concentration of DNA in the internal water phase was varied from 0.2 up to 12 

mg/mL Tlie size of die pksmid was varied between about 3 kb to about 9 kb. 

* 

The antigen encoded by the plasmid was also varied, such as her-2/neu and 
10 TbH9. 

Polymer : The end group on the PLG polymer was varied between ester end 
groups and carboxylic acid end groups. The molecular weight of the PLG 
polymer was varied from about 8 kDa up to 65 kDa. A cationic lipid (DOTAP) 
was, in some cases, added to the polymer solution, and varied from 0.5 to 5 mg. 
15 The amount of PLG polymer was varied between 150 and 3000 mg. Adjuvants, 

including MPL, were added to die polymer solution. 

Solvent : The solvent was varied between dichlotomethane, chloroform and 
ethylacetate. The ratio of internal water volume to solvent volume was varied 
from 0.01 up to 0.48. The ratio of PLG to solvent concentration was varied 
20 between 11 and 217. 

Stabilizer : Tlie stabilizer in the process medium was varied between 
carboxymethylcellulose (CMQ, polyvinyl alcohol (PVA) and mixtures of CMC 
and PVA The content of the stabilizer in the process medium as varied between 
1% and 5%. A cationic Kpid (DOTAP) was added to the stabilizer. 

25 Miytn g rnnditinns : Both 30 ml syringes and 20 ml syringes were tested as the 

miving vessel for the primary emulsion. Various mixing heads on the Sitverson 
mixer were also tested. 
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Summary 

A quick release, higji effidenqr, porous, 1-10 }xm DNA mictosphete fotmuktioti was 
dev^doped and tested. CTL responses to two antigens, Her-2/neu and TbH9, were 
generated using diese DNA microspheres. Moreover, T cells generated by Her-2/neu or 
5 TbH9 DNA immunizations have been shown to recognize and kill human tumors 

expressing the corresponding antigen. Intramuscalar and intraperitoneal routes proved 
best for CTL didtation. Several AGPs provided substantial CTL adjuvant activity to the 
DNA microspheres. Sodium chloride inhibited CTL generation to DNA toicrospheres. 

Example 2: AGP Adjuvants Enhance Efficacy of DNA Mictosphetes 

10 In this example, 10 fig of AGP in aqueous formulation was added to 10 ^g DNA 
encapsulated in PLG microspheres in suspension in PBS. The microspheres were 
prepared with a 503H polymer using a double emulsion technique, CMC stabilizer and 
the "5,1" method, resulting in microspheres of about 1 to 10 ym in diameter. The 
microspheres were injected im. in groups of four C57B1/ 6 mice- Spleens were harvested 

15 3-4 weeks following immunization and processed into single cell suspensions. 

Splenocytes were stimulated in vitfv with EL-4 cells stably expressing the TbH9 gene. 
CTL activity was assayed by standard protocols. Fresh splenocytes were also stimulated 
in vitro with 5 Mg/ml recombinant TbH9, and supematants assayed for IFN-gamma 
secretion, by ELISA. The results demonstrate that AGP adjuvants can provide strong 

20 cellular immune responses to an antigen encoded by DNA encapsulated in microspheres, 
superior to that occurring without adjuvant 

Figure 10 is a bar graph showing IFN-gamma secretion pg/ml) in response to in vitro 
stimulation with recombinant TbH9, assayed using splenocytes harvested from mice 3-4 
weeks following immunization with TbH9 DNA encapsulated in PLG microspheres 
25 with AGP. 

Figure 11 is a graph showing mean CTL activity after a singjle in vitro stimulation with 
EL-4 cells stably expressing the TbH9 gene of splenocytes harvested from mice 
immunized with TbH9 DNA encapsulated in PLG microspheres to which AGP was 
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addei The graph shows mean specific lysis as a function of effector taiget ratio for 
itmnunization conditions including saline (closed diamonds), naked DMA (dark squares), 
DNA-PLG (lower triangles), and DNA-PLG plus AGP- 517 ^ht X's), 522 (asterisks), 
525 (circles), 527 (+'s), 529 (dashed line), 540 (-'s), 544 (open diamonds), 547 (light 
5 squares), 557 (upper tetanies), or 578 (dark X's). 

Figure 12A shows mean CTL activity after a second in tniro stimulation of splenocytes 
from mice immunized with TbH9 DNA-PLG alone (open squares), with AGP- 527 
(dosed squares), 544 (dark diamonds), 557 (closed circles), or with naked DNA (open 
circles) or saline (triangles). 

10 Figure 12B shows mean CTL activity after a second in vitro stimulation of splenocytes 

from mice immunized widi TbH9 DNA-PLG with AGP- 517 (dosed squares), 547 (dark 
diamonds), 568 (dark triangles), or with naked DNA (X*s). 

Hvofppl^ Tmmnne Respnn.sec; EHcited in Monkevs Bv Encapsulated DNA 

TTais example describes the immune responses elidted in Rhesus macaques following 
1 5 thtee immunizations, at monthly intervals, with dtiier naked TbH9-VR1012 DNA or 
TbH9-VR1012 DNA encapsulated in microspheres that were prepated in accordance 
widi the invention. Naked DNA consisted of 3.3 mg plasmid + 40 jxg RC 527-AF, 
immunised by intradermal and intramuscular routes. Microsphere DNA consisted of 3 
mg plasmid + 50 [ig RC 568-AF delivered intramnsculady. There were four animals in 
20 each group. Hie results, shown in Figures 13-15, demonstrate that the microsphere- 
encapsulated DNA elidted stronger immime responses than were observed widi naked 
DMA. 

Figures 13A-B are graphs showing serum antibody titers to IbH9 of Rhesus macaques 
four weeks after a 3^ immunization widi TbH9, encapsulated in microspheres and 
25 administered intramuscularly (Figure 13A), or delivered as naked DNA via intradermal or 
intramuscular routes (Figure 13B). 
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Figute 14 is a bat graph showing antigen-induced gamtoa interferon (TPN-y) production 
ficom monkey PBMC at 4 weeks after a 3'^ inimum2ation with saline, recombinant TbH9 
(rTbH9), naked DNA encoding TbH9 or microspheres encapsulating DNA encoding 
TbH9. Individual bars represent individual subjects. 

5 Figures 15A-B are graphs showing monkey CTL response at two months afitex a 3^ 
immunization with microencapsulated (Figure 15A) or naked (Figure 15B) DNA 
encoding TbH9. Percent specific lysis is plotted as a function of e£fectoctaig^ ratio. 

Those skilled in the art will appreciate that the concq>don5 and specific embodiments 
10 disclosed in the foregoing description may be readily utilized as a basis for modifying or 
designing other embodiments for carrying out the same purposes of the present 
invention. Those skilled in the art will also appreciate that such equivalent embodiments 
do not depart £com the spirit and scope of the invention as set forth in the appended 
claims. 

15 
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What is dflitaed is: 

1. A nucleic add delivery system comprising deoxynbonucldc add (DNA) 
encapsulated in biodegtadable polymeric microsphetes, wherein at least 50% of 
the DNA comprises supercoiled DNA, and wherein at least 50% of the DNA is 

5 released £tom the microspheres after 7 days at about 37°C. 

2. The nudeic add delivery system of rUim 1, wherdn the microspheres have an 
encapsulation efficiency of at least about 40%. 

3. The nudeic add ddiveiy system of claim 1 or 2, wherein at least about 70% of 
lie DNA is released from the microspheres after 7 days at about 37®C. 

10 4. The nuddc add delivery system of any one of daims 1 to 3, wherein at least 
about 90% of the microspheres are about 1 to about 10 Jim in diameter. 

5. The nuddc add delivery system of any one of daims 1 to 4, wherein the 
microspheres comprise poly(lacto-co-gIycolide) (PLG). 

6. The nudeic add delivery system of any one of daitns 1 to 5, ftirther comprising 
15 an adjuvant 

7. The nuddc add delivery system of claim 6, wherein die adjuvant comprises an 
aminoalkyl glucosaminide 4-phosphate (AGP). 

8. The nudeic add delivery system of any one of claimis 1 to 7, wherein the DNA 
encodes an antigen associated with cancer or infectious disease. 

20 9. The nuddc add delivery system of flq^^" 8, wherein the cancer is breast cancer. 

10. The nudeic add delivery system of rhm 9, wherein the antigen is her2/ neu. 

11. The nuddc add delivery system of claim 8, wherein tiie infectious disease is 
tuberculosis. 
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12. The nucleic add delivery system of claim 11, wherein the antigen is TbH9. 

13. A method for encapsulating nucleic add molecules in mictospheres comprising: 

(a) dissolving a polymer in a solvent to form a polymer solution; 

(b) adding an aqueous solution containing nucldc add molecules to the 
5 polymer solution to form a primaty emulsion; 

(c) homogenizing die primary emulsion; 

(d^ mising the primary emulsion with a process medium comprising a 
stabilizer to form a secondary emulsion; and 

(e) extracting die solvent &om the secondary emulsion to form microspheres 
10 encapsulating nucldc add molecules. 

14. The method of claim 13, wherein the polymer comprises PLG. 

15. The method of daim 14, wherein the PLG indudes ester end groups or 
carboxylic add end groups. 

16. The method of daim 14 or 15, wherein the PLG has a molecular wd^t of from 
15 about 8 kDa to about 65 kDa. 

17. The method of any one of claims 13 to 16, wherein the nudeic add molecules 
are maintained at about 2°C to about 35^C prior to the exttacdon. 

18. The method of claim 17, wherein the nucldc add molecules are maintained at 
about 4®C to about 25°C prior to the extraction. 

20 19. The method of any one of daims 13 to 18, wherein tie solvent comprises 
dichloromethane, chloroform, or ethylacetate. 

20. The method of any one of claims 13 to 19, wherein the polymer solution further 
comprises a cadonic lipid. 
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21. The method of any one of claims 13 to 20, wherein the polymer solution further 
comprises an adjuvant 

22. He method of claim 21, wherein the adjuvant comprises MPL. 

23. The method of any one of claims 13 to 22, wherein the stabilizer con^rises 

5 carbozymethylcellulose (CMC), polyvinyl alcohol (FSTA), or a mixture of CMC 

andPVA. 

24. The method of claim 23, wherein the stabilizer fiirther comprises a cadonic lq>id 

25. The method of any one of claims 13 to 24, wherein die stabilizer comprises &om 
about 1% to about 5% of the process medium. 

10 26, The method of any one of claims 13 to 25, wherein the solvent comprises an 
internal xsrater volume of from about 0.001% to about 0.5%. 

27. The method of any one of claims 13 to 26, wherein the aqueous solution 
comprises an ethanol content of from about 0% to about 75% (v/v). 

28. The method of any one of claims 13 to 27, wherein die nudeic acid molecule 
15 comprises DNA. 

29. The method of Hgim 28, wherein the aqueous solution comprises about 0^ to 
about 12 mg/ml DNA. 

30. The method of claim 28 or 29, wherein the DNA comprises a plasmid of about 3 
kbtoabout9kb. 

20 31 . The method of any one of claims 13 to 30, wherein the aqueous solution further 
compdses an adjuvant 

32. The mediod of claim 31, wherein the adjuvant comprises QS21. 

33. The method of any one of rlflims 13 to 32, wherein the aqueous solution fimher 
comprises a stabilizer. 
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34. The method o£ flaim 33, wherein the stabilizer comprises bovine serum albumin. 

35. The method of any one of claims 13 to 34, wherein at least 50% of the DNA 
reruns a supercoiled formation through the extraction step. 

36. The method of any one of claims 13 to 35, wherein the encapsulation effidiaicy 
5 is at least about 40%. 

37. The method of any one of claims 13 to 36, wherein the microspheres release at 
least about 50% of the nucleic acid molecules within about 7 days. 

38. The method of daim 37, wherein the microspheres release at least about 50% of 
the nucleic add molecules within about 4 days. 

10 39. The method of any one of claims 13 to 38, wherein at least about 90% of die 
microspheres are from about 1 \xm to about 10 jJUn. 

40. A pharmaceutical composition comprising nucleic add molecules encapsulated in 
microspheres produced by the method of any one of claims 13 to 39. 

41. The composition of claim 40, farther comprising an zdfuvsnt 

15 42. The composition of claim 41, wherein the adjuvant comprises an aminoalkyl 
^ucosamioide 4-phosphate (AGP). 

43. The composition of any one of claims 40 to 42, wherein tlie DNA encodes an 
antigen associated with cancer or infectioxis disease. 

44. Hie composition of r\^i\m 43, wherein the cancer is breast cancer. 
20 45. The composition of r\am 44, wherein the antigen is het2/neu. 

46. The composition of 43^ wherein the infectious disease is tuberculosis. 

47. The con^osition of daim 46^ wherein the antigen is TbH9. 
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48. Use of the nucleic acid delivery system of claim 1 for the preparation of a 
composition for deliverixig a nucleic add molecule to a subject 

49. Use of the nucleic acid delivery system of claim 8 for the preparation of a 
con^osition for eliciting an immune response to an antigen in a subject 

5 50. Use of the nucleic acid delivery system of daim 10 for the preparation of a 

composition for treating or preventing a cancer associated Tvith hei2/neu antigen 
in a subject 

51. Use of the nudeic add delivery system of daim 12 for the preparation of a 
composition for treating or preventing tuberculosis in a subject 

10 52. Use of an aminoalkyl glucosanunide 4-phosphate (AGP) for the prepatation of 
an adjuvant for enhancing the immunosdmulatory efficacy of miaospheres 
encapsulating nuddc add molecules. 

53. The use of daim 52, wherein the AGP comprises an aqueous formulation. 

54. The use of daim 52 or 53, wherein the AGP comprises 517, 527, 547, 557 or 
15 568. 

55. The use of any one of claims 52 to 54, wherein the AGP is administered 
simultaneously with the microspheres. 

56. The use of any one of claims 52 to 54, wherein the AGP is administered before 
or after administration of die microspheres. 



38 



\V0 4)2/03961 



PCT/USOl/21780 



AMENDED CLAIMS 
[received by the International Bureau on 4 Februaiy 2002 (04.02.02); 

original claims I and 13 amended; 
remaining ciaims unchanged (2 pages)] 

1. A nucleic acid delivery system compnsing deoxyribonucleic add (DNA) 
encapsxilated in biodegradable pohmieric microspheres, wherein the DNA is 

5 maintained above freezing temperanire and below 37*'C pnor to the 

encapsuladon, wherein at least 50% of the DNA comprises supercoiled DNA, 
and wherem at least 50°'o of the DNA is released from the microspheres after 7 
days at about 37*'C. 

2. The nucleic acid deliver\- system of claim 1. wherein the microspheres have an 
10 encapsulauon efficiency of at least about 40%. 

3. The nucleic aad deliver}* system of claim 1 or 2, wherein at least about 70% of 
the DNA IS released from the microspheres after 7 days at about 37^C. 

4. The nucleic add dcliver\- system of any one of claims 1 to 3, wherein at least 
about 90^ 0 of the microspheres arc about 1 to about 10 ^m in diameter. 

15 5. The nucleic acid deliver\' system of any one of claims 1 to 4, wherein the 
microspheres comprise poly(lacto-co-glycolide) (PLG). 

6. The nucleic acid deliver}' system of any one of claims 1 to 5, further comprising 
an adjuvant. 

7. The nucleic acid delivery- system of claim 6. wherem the adjuvant comprises an 
20 aminoalkyl glucosaminidc 4-phosphate (AGP). 

8. The nucleic acid deliven- system of any one of claims 1 to 7, wherein the DNA 
encodes an andgen associated with cancer or infectious disease. 

9. The nudeic acid deliver} system of claim 8, wherein the cancer is breasr cancer. 

10. The nucleic acid deliven* system of claim 9, wherein the andgen is her2/ neu. 
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1 1 . The nucleic acid delivcn- system of claim 8, wherein the infectious disease is 
tuberculosis. 

12. The nucleic acid deli\'cn' system of claim 1 1 , wherein the antigen is TbH9. 

13. A method for encapsulating nucleic acid molecules in microspheres comprising: 
5 (a) dissolving a polymer in a solvent to form a polymer solution; 

(b) adding an aqueous solution containing nucleic acid molecules to the 
polymer solution to form a primary emubion; 

(c) homogenizing the primary emulsion; 

(d) mixing the primar\' emulsion with a process medium comprising a 
1 0 stabilizer to form a secondary emulsion; and 

(e) extracting die solvent from the secondary' emulsion to form microspheres 
encapsulating nucleic acid molecules, wherein the nucleic acid molecules 
are maintained above freezing temperature and below 37*'C prior to the 
extraction. 

15 14. The method of claim 13. wherein the polymer comprises PLC 

15. The method of claim 14, wherein the PLG includes ester end groups or 
carbox\'Uc add end groups. 

16. The method of claim 14 or 15, wherein the PLG has a molecular weight of &om 
about 8 kDa to about 65 kDa. 

20 17. The method of any one of ckuns 13 to 16, wherein the nucleic acid molecules are 
maintained at about 2°C to about 35^C pdor to the extraction. 

1 8. The method of claim 1 7, wherein the nucleic acid molecules are maintained at 
about 4^C to about 25'^C prior to the extraction. 
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